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Abstract
Background Recently studies had showed that the amygdala may take part in the cognitive impairment in 
schizophrenia (SC). However, the mechanism is still unclear, so we explored the relationship between the amygdala 
resting state magnetic resonance imaging (rsMRI) signal and cognitive function, to provide a reference for the 
follow-up study.

Methods We collected 59 drug-naïve SCs and 46 healthy controls (HCs) from the Third People’s Hospital of Foshan. 
The rsMRI technique and automatic segmentation tool were used to extract the volume and functional indicators of 
the SC’s amygdala. The Positive and Negative Syndrome Scale (PANSS) was used to assess the severity of the disease, 
and the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was used to assess cognitive 
function. Pearson correlation analysis was used to compare the relationship between the structural and functional 
indicators of the amygdala and PANSS and RBANS.

Results (1) There was no significant difference between SC and HC in age, gender and years of education. Compared 
with HC, the PANSS score of SC increased and the RBANS score decreased significantly. Meanwhile, the left amygdala 
volume decreased (t=-3.675, p < 0.001), and the Fractional amplitude of low-frequency fluctuations (FALFF) values 
of bilateral amygdala increased (tL=3.916, p < 0.001; tR=3.131, p = 0.002). (2) The volumes of the left amygdala were 
negatively correlated with the PANSS score (rL=-0.243, p = 0.039). While the FALFF values of the bilateral amygdala 
were positively correlated with the PANSS score (rL=0.257, p = 0.026; rR=0.259, p = 0.026). Bilateral amygdala volumes 
and FALFF values were positively correlated (rL=0.445, p < 0.001; rR=0.326, p = 0.006) and negatively correlated with 
RBANS score (rL=-0.284, p = 0.014; rR=-0.272, p = 0.020), respectively.

Conclusion The abnormal volume and function of the amygdala play important roles in the disease process of SC, 
and are closely related to cognitive impairment.
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Background
Schizophrenia (SC) is a mental disorder that makes the 
brain decline, involving abnormalities in multiple brain 
regions, including the prefrontal cortex (PFC) [1] and 
hippocampus [2]. The amygdala, another brain region, 
has attracted more and more researchers’ attention [3], 
because it is related to the pathophysiology of schizo-
phrenia [4]. The amygdala was first discovered by Bur-
dach in the 19th century. It is located in the amygdala-like 
brain area deep in the temporal lobe of the brain, which 
is now the basolateral amygdala (BLA)  [5]. Subsequently, 
the structures around the BLA were also found [6, 7]. 
In these subregions, BLA, central amygdala (CeA) and 
medial amygdala (MeA) participate and regulate the 
stress response of the body when facing the stressor [8]. 
BLA receives sensory stimuli transmitted from sensory-
related cortical regions, thus driving neuronal activity 
and mediating emotional behavior [3]. Abnormalities 
in the structure and function of the amygdala related to 
emotional expression disorder in SC studies [9, 10]. The 
results of Ho NF et al. showed that the volumes of the 
bilateral amygdala in SC were smaller than that in healthy 
people [4, 11]. However, the study of Killgore WD et 
al. only proved that the volume of the amygdala in SC 
patients could predict memory function, but there was 
no significant reduction in its volume [12]. At the same 
time, Mukherjee P et al. found that the functional con-
nection between the amygdala and other brain regions 
in SC was weakened [13, 14]. Other studies suggested 
that when patients were angry, the activation of neural 
activities in the amygdala related to executive function 
increased [15]。.

Therefore, the abnormality of amygdala function may 
be the basis of SC’s emotional disharmony, social func-
tion and cognitive deficits. At present, the relationship 
between structural and functional abnormalities of the 
amygdala and cognitive impairment is still not clear. So 
we used rsMRI to scan the drug- naïve SC patients, and 
analyzed the correlation between amygdala abnormalities 
and cognition in SC patients, to provide reference for the 
follow-up study of amygdala mechanisms.

Methods
SCs (n = 70) were from the Third People’s Hospital of 
Foshan (Foshan Mental Health Center). Inclusion crite-
ria: ①conformed to the diagnostic criteria of SC in the 
Diagnostic and Statistical Manual of Mental Disorders 5 
(DSM-5); ②age: 18–45 (in order to avoid physical dis-
eases caused by aging); ③years of education ≥ 9 years; 
④Han nationality, right-handed; ⑤no drugs for mental 
diseases were used before data collection. And we had 
to exclude 11 patients with severe behavioral disorders 
(destruction or violence), who could not cooperate in 
completing MRI scanning.

Healthy controls (HCs) (n = 46) were recruited from 
local communities. Age, gender and years of educa-
tion correspond to the SC group, Han nationality, and 
right-handedness.

Exclusion criteria: contraindications of MRI scanning, 
brain organic and somatic diseases, history of substance 
(drug, alcohol) abuse, history of brain trauma, nervous 
system diseases, etc.

Scale assessment: The severity of the disease was 
assessed by the Positive and Negative Syndrome Scale 
(PANSS) [16]. The cognitive function of subjects was 
evaluated by the Repeatable Battery for the Assessment 
of Neuropsychological Status (RBANS) [17], which 
consists of 12 test tasks to assess immediate memory, 
visual spatial structure, language, attention and delayed 
memory function, and the higher scores indicate better 
cognition.

MRI scanning (3.0 Tesla, General Electric, United 
States), data processing and statistics: 3D structure MRI 
scanning parameters: Time repetition (TR) = 8.6 ms, Echo 
time (TE) = 3.3 ms, Flip angle (FA) = 12°, Field of view 
(FOV) = 256  mm*256mm, matrix = 256*256, layer thick-
ness = 1  mm, layer spacing = 0  mm, slice number = 172. 
MRI scanning parameters of resting brain function: 
TR = 2000 ms, TE = 30 ms, FA = 90º, FOV = 240  mm*240 
mm, matrix = 64*64, layer thickness = 4  mm, number of 
layers = 36, layer spacing = 1  mm, Continuous collection 
of 250 time point data. SPM8 (http://www.fil.ion.ucl.
ac.uk/spm), cat12 (http://www.neuro.uni-jena.de/cat12), 
and the Data Processing Assistant for Resting-State fMRI 
DPARSF (http://rfmri.org/dpabi) software were used to 
preprocess MRI data, such as slice timing, head motion 
correction, spatial standardization, smoothing, filtering, 
and linear drift removal. Brain structure MRI data were 
mainly used to measure the volume of amygdala gray 
matter (calculated according to the Automated Anatomi-
cal Labeling (AAL) atlas [18]). The analysis and process-
ing of brain functional MRI data included measuring 
the local neural activity of amygdala with the Fractional 
amplitude of low-frequency fluctuations (FALFF) and 
regional homogeneity (ReHo).

FALFF: removed the linear drift of the preprocessed 
data, divided the energy of each frequency in the low-
frequency range (0.01  Hz < f < 0.1  Hz) by the energy of 
each frequency in the whole frequency range to obtain 
the FALFF value of each voxel, and divided it by the mean 
of the whole brain signal amplitude, so as to reduce the 
difference in the overall level of the whole brain FALFF 
value.

ReHo: took 27 voxels as a cluster, and used Kend-
all coefficient of concordance (KCC) as an indicator 
to measure the local consistency of each voxel and the 
other 26 neighboring voxels. Used the default standard 
brain model of the DPARSF software to obtain the KCC 
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map of each subject. Then, divided the KCC value of the 
brain by the mean value in the standard brain model to 
achieve standardization. Finally, the mReHo maps were 
smoothed.

All subjects were required to complete the evaluation 
of the scale and the data collection of MRI within one 
day, and they would receive a meal and transportation 
subsidy of 200 yuan after completing the tests.

Statistical analyses
Statistical Product and Service Solutions 21 (SPSS 21 
(https://www.ibm.com/analytics/spss-statistics- soft-
ware) was used to analyze the score of the clinical scale. 
The Kolmogorov-Smirnov test (K-S test) results of each 
measurement data of SC and HC groups showed that 
they all obeyed normal distribution. Two sample t-test 
was used to compare the structure and function of the 
amygdala in SC and HC by using SPM8. Chi-square test 
was used to compare gender. Then, Pearson correlation 
analysis was conducted between the volume and func-
tional value of the amygdala and clinical data. Next, the 
obtained p values were then corrected by multiple com-
parison correction (False Discovery Rate, FDR).

Results
SC had extensive cognitive impairment, and the struc-
tural and functional impairment of the amygdala brain 
area was also obvious. There was no significant differ-
ence in age, gender and years of education between SC 
and HC. Compared with HC, PANSS score increased 
(t = 16.541, p < 0.001) and RBANS score decreased (t=-
9.320, p < 0.001) significantly. Meanwhile, the left amyg-
dala volume decreased (t=-3.675, p < 0.001), and the 
FALFF values of bilateral amygdala increased (tL=3.916, 
p < 0.001; tR=3.131, p = 0.002). However, there is no signif-
icant difference in the ReHo values of the bilateral amyg-
dala. (Table 1; Fig. 1)

The cognitive impairment of SC is closely related to the 
abnormality of brain structure and function. Pearson cor-
relation analysis results showed that the volumes of the 
left amygdala were negatively correlated with the sever-
ity of the disease (PANSS) (rL=-0.243, p = 0.039). And the 
FALFF values of the bilateral amygdala were positively 
correlated with the severity of the disease (rL=0.257, 
p = 0.026; rR=0.259, p = 0.026). In addition, the volumes 
of bilateral amygdala were positively correlated with the 
cognitive level (RBANS) (rL=0.445, p < 0.001; rR=0.326, 
p = 0.006) and the values of FALFF were negatively cor-
related (rL=-0.284, p = 0.014; rR=-0.272, p = 0.020).

Table 1 Comparison of clinical scale and MRI data between SC and HC
SC (n = 59) HC (n = 46) t / χ2 p

Age 42.136 ± 9.587 39.391 ± 11.275 1.347 0.181

Gender (male/female) 24/35 19/27 -0.004 0.948

Education (years) 10.153 ± 3.188 11.174 ± 3.548 -1.550 0.124

PANSS 71.069 ± 16.753 30.152 ± 0.556 16.541 < 0.001*

PANSS (positive) 15.569 ± 7.370 7.022 ± 0.147 8.345 < 0.001*

PANSS (negative) 21.966 ± 5.773 7.065 ± 0.250 16.220 < 0.001*

PANSS (general) 33.517 ± 8.225 16.044 ± 0.295 14.020 < 0.001*

RBANS 121.864 ± 35.407 190.152 ± 39.498 -9.320 < 0.001*

Immediate memory (Learning) 17.509 ± 6.673 27.630 ± 7.034 -7.531 < 0.001*

Immediate memory (Story Memory) 6.034 ± 4.768 14.413 ± 5.958 -8.030 < 0.001*

Visuospatial Construction 15.237 ± 4.554 17.761 ± 2.415 -3.402 < 0.001*

Language 11.848 ± 4.242 18.283 ± 4.344 -7.632 < 0.001*

Attention (Digit Span) 10.559 ± 2.358 14.130 ± 2.177 -7.961 < 0.001*

Attention (Coding) 28.356 ± 12.299 49.804 ± 14.149 -8.299 < 0.001*

Delayed memory (List Recall) 3.119 ± 2.547 6.609 ± 3.109 -6.323 < 0.001*

Delayed memory (List Recognition) 17.458 ± 2.843 19.544 ± 1.048 -4.728 < 0.001*

Delayed memory (Story Recall) 2.966 ± 2.936 7.522 ± 3.740 -6.994 < 0.001*

Delayed memory (Figure Recall) 8.780 ± 5.590 14.457 ± 4.708 -5.526 < 0.001*

Volume (Amygdala) L 0.906 ± 0.096 0.982 ± 0.113 -3.675 < 0.001*

R 1.016 ± 0.101 1.045 ± 0.106 -1.421 0.158

FALFF (Amygdala) L -0.083 ± 0.373 -0.335 ± 0.257 3.916 < 0.001*

R -0.169 ± 0.329 -0.347 ± 0.232 3.131 0.002*

ReHo (Amygdala) L -0.499 ± 0.339 -0.586 ± 0.291 1.395 0.166

R -0.537 ± 0.252 -0.559 ± 0.246 0.451 0.653
PANSS: Positive and Negative Syndrome Scale; RBANS: Repeatable Battery for the Assessment of Neuropsychological Status; FALFF: Fractional amplitude of low-
frequency fluctuations; ReHo: Regional homogeneity; L: left; R: right. *indicated p < 0.05.

https://www.ibm.com/analytics/spss-statistics-
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The results from sub-analyses showed that the vol-
umes of amygdala were positively correlated with imme-
diate memory (learning: rL=0.407, p < 0.001; rR=0.286, 
p = 0.014; story memory: rL=0.384, p < 0.001; rR=0.259, 
p = 0.026), visuospatial construction (rL=0.265, p = 0.023; 
rR=0.279, p = 0.017), language (rL=0.292, p = 0.012), atten-
tion (digit span: rR=0.330, p = 0.006; coding: rL=0.424, 
p < 0.001; rR=0.337, p < 0.001), and delayed memory (list 
recall: rL=0.374, p < 0.001; rR=0.285, p = 0.014; story recall: 
rL=0.450, p < 0.001; rR=0.285, p = 0.014; figure recall: 
rL=0.378, p < 0.001; rR=0.317, p = 0.006). Meanwhile, the 
FALFF values of amygdala were negatively correlated with 
visuospatial construction (rL=-0.274, p = 0.020; rR=-0.327, 
p = 0.006), attention (digit span: rL=-0.263, p = 0.025; cod-
ing: rL=-0.325, p = 0.006; rR=-0.307, p = 0.006), and delayed 
memory (story recall: rL=-0.241, p = 0.039; figure recall: 
rR=-0.276, p = 0.004). (Table 2)

Discussion
This study used rsMRI technology and automatic seg-
mentation tools to extract the original gray matter vol-
ume and brain function indicators of SC’s amygdala and 
made correlation analysis with disease severity (PANSS) 
and cognitive function (RBANS). The results indicated 
that the cognitive level of SC was significantly lower than 
that of HC, and the volume and function of the amygdala 
were significantly related to cognitive function and dis-
ease severity, which provided strong support that amyg-
dala participated in the disease process of SC.

SC is a disease with extensive brain decline [19]. It 
impairs the patient’s cognitive, executive, and social func-
tions. Combined with our research results, it suggested 
that SC’s immediate/ delayed memory, visual function, 
speech function and other cognitive functions were sig-
nificantly lower than healthy people. This made patients 
suffering from the disease have a poor prognosis and 
most of them did not fully recover [20]. Even those with 

a good prognosis, would change their lives, including but 
not limited to social isolation, humiliation and the pos-
sibility of finding a partner [21]. At the same time, the 
unemployment rate of patients with this disease is high, 
resulting in poor social adaptation [22].

According to the Diagnostic and Statistical Manual of 
Mental Disorders 5 (DSM-5) diagnostic criteria, SC is 
mainly characterized by delusions, hallucinations, dis-
ordered speech and behavior and other clinical symp-
toms [23]. Among them, hallucinations and delusions 
would lead to fear in SC patients, and previous studies 
had shown that there was a close relationship between 
amygdala and fear [24]. Therefore, we compared the two 
indicators, FALFF and ReHo, which reflect the strength 
and synchronization of local neural signals in the amyg-
dala, with HC respectively. The results showed that the 
bilateral amygdala neural activity of SC was enhanced 
compared with the HC group, but there was no signifi-
cant difference in the synchronization of brain regions. 
The results of previous studies determined that when 
SC was in the acute stage, under the control of posi-
tive symptoms, the amygdala received a large number 
of signals from the prefrontal cortex of the brain, caus-
ing the overexpression of its functions [25–27]. When 
the patient mainly showed negative symptoms, the local 
nerve activity signal of the amygdala would also increase 
with the negative symptoms [28], which was consistent 
with our results. In addition, cortical atrophy is com-
mon in SC, which has been reflected in a large number 
of previous studies [25–27]. Our research further sup-
ports the occurrence of amygdala atrophy in SC, which 
was supported by the previous results [4, 29, 30]. Previ-
ous meta-analysis results showed that the amygdala was 
asymmetric in MRI volume measurement of normal 
adults [31]. Our research suggested that not all amygdala 
atrophy on both sides in SC have statistical differences 
compared with HC. The amygdala atrophy on the right 

Fig. 1 Anatomical location of the bilateral amygdala in the brain region. L: left; R: right
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side was obvious, which was consistent with the previ-
ous studies [32, 33]. Therefore, we concluded that amyg-
dala plays an important role in SC, and the structure and 
function of the amygdala would change in the process of 
SC disease [34].

When we did Pearson correlation analysis between 
amygdala volume and cognitive function and PANSS 
score in SC patients. We found that the volumes of bilat-
eral amygdala had no significant difference with the 
PANSS score, which was not consistent with the results 
of previous studies [11, 35, 36]. This might be related 
to the subjects we selected. Generally, the course of the 
drug-naïve SC was relatively short, so the abnormal brain 
function usually occurred at the onset stage, and the 
structural atrophy happened at the chronic stage [25, 37]. 
In terms of cognitive function, previous studies on mem-
ory showed that the performance of the hippocampus 

was the most relevant [36, 38, 39]. Our research on the 
amygdala concluded that it was also involved in memory/
attention/speech and other functions. The milder the 
cognitive impairment, the lower the degree of amygdala 
atrophy. On the other hand, our study also found that the 
value of FALFF in the amygdala was positively correlated 
with the severity of the disease, and negatively correlated 
with memory, attention and visual span, which was also 
confirmed in other researchers’ studies [40, 41]. What’s 
more, the ReHo values of amygdala had no difference 
between SC and HC, and had no significant correlation 
with RBANS scores. As the results of Xia, Qiu, et al., the 
abnormality of ReHo in amygdala had not been reported 
in large sample SC studies [42, 43].

All in all, our results demonstrated that amygdala vol-
ume and function were significantly correlated with cog-
nitive function in patients with SC. Therefore, amygdala 

Table 2 Pearson correlation analysis of various indicators in the amygdala brain region with the severity of SC and cognitive function
Volume (Amygdala) FALFF

(Amygdala)
ReHo
(Amygdala)

L R L R L R
PANSS r -0.243 -0.044 0.257 0.259 0.016 -0.010

p 0.039* 0.850 0.026* 0.026* 0.914 0.931

PANSS (positive) r 0.186 0.246 -0.008 0.070 -0.091 0.046

p 0.286 0.137 0.953 0.820 0.719 0.896

PANSS (negative) r 0.024 0.030 -0.245 -0.023 -0.315 -0.294

p 0.912 0.912 0.137 0.912 0.046* 0.066

PANSS (general) r 0.124 0.172 -0.031 0.036 -0.175 -0.064

p 0.574 0.333 0.912 0.912 0.325 0.836

RBANS r 0.445 0.326 -0.284 -0.272 -0.091 0.023

p < 0.001* 0.006* 0.014* 0.020* 0.574 0.912

Immediate memory (Learning) r 0.407 0.286 -0.222 -0.172 -0.077 -0.020

p < 0.001* 0.014* 0.065 0.162 0.680 0.912

Immediate memory (Story Memory) r 0.384 0.259 -0.212 -0.179 -0.070 0.067

p < 0.001* 0.026* 0.075 0.142 0.719 0.719

Visuospatial Construction r 0.265 0.279 -0.274 -0.327 -0.048 0.059

p 0.023* 0.017* 0.020* 0.006* 0.836 0.766

Language r 0.292 0.138 -0.141 -0.150 -0.033 0.027

p 0.012* 0.286 0.279 0.241 0.896 0.912

Attention (Digit Span) r 0.330 0.221 -0.263 -0.214 -0.182 -0.029

p 0.006* 0.065 0.025* 0.072 0.137 0.912

Attention (Coding) r 0.424 0.337 -0.325 -0.307 -0.141 -0.021

p < 0.001* < 0.001* 0.006* 0.006* 0.279 0.912

Delayed memory (List Recall) r 0.374 0.285 -0.169 -0.185 0.014 0.068

p < 0.001* 0.014* 0.172 0.136 0.914 0.719

Delayed memory (List Recognition) r 0.156 0.040 -0.101 -0.046 -0.019 0.078

p 0.219 0.870 0.507 0.836 0.912 0.679

Delayed memory (Story Recall) r 0.450 0.285 -0.241 -0.192 -0.065 0.033

p < 0.001* 0.014* 0.039* 0.119 0.719 0.896

Delayed memory (Figure Recall) r 0.378 0.317 -0.189 -0.276 0.013 0.066

p < 0.001* 0.006* 0.128 0.017* 0.914 0.719
PANSS: Positive and Negative Syndrome Scale PANSS; RBANS: Repeatable Battery for the Assessment of Neuropsychological Status; FALFF: Fractional amplitude of 
low-frequency fluctuations; ReHo: Regional homogeneity; L: left; R: right. *indicated the p < 0.05 (FDR correction).
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plays an important role in the pathology of SC, which 
deserves researchers’ attention. At the same time, there 
are some limitations in this study: the subjects were from 
the southern China, which does not represent all people. 
And we excluded the patients who were seriously ill and 
couldn’t cooperate to complete the test, which might 
skew the results of the data. Therefore, the promotion of 
our conclusion still needs to be cautious.

Acknowledgments
Not applicable.

Authors’ contributions
Jiaquan Liang, Chaohua Tang, Haibiao Ye and Huagui Guo have made great 
contributions to the conception, design and writing of the works; Other 
authors have provided assistances in the acquisition, analysis or interpretation 
of data.

Funding
This study was supported by the project of Foshan Science and Technology 
Bureau (2220001004473, 2220001004736, 2220001005597), Foshan “14th 
five-year plan” medical high level key psychiatric specialty construction project 
(FSGSP145069).

Data Availability
The datasets generated and/or analyzed during the current study are 
not publicly available due to confidentiality but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
We obtained written informed consent from patients or their legal guardians. 
This study was approved by the ethics committee of the Third People’s 
Hospital of Foshan, China and the experiments were conducted following the 
declaration of Helsinki.

Consent for publication
Not applicable.

Competing interest
The authors have no potential or actual conflicts of interest.

Received: 31 December 2022 / Accepted: 29 March 2023

References
1. Volk DW, Lewis DA. Impaired prefrontal inhibition in schizophrenia: relevance 

for cognitive dysfunction. Physiol Behav. 2002;77(4–5):501–5.
2. Nelson MD, Saykin AJ, Flashman LA, Riordan HJ. Hippocampal volume 

reduction in schizophrenia as assessed by magnetic resonance imaging: a 
meta-analytic study. Arch Gen Psychiatry. 1998;55(5):433–40.

3. Klein-Flügge MC, Jensen DEA, Takagi Y, Priestley L, Verhagen L, Smith SM, 
Rushworth MFS. Relationship between nuclei-specific amygdala connectivity 
and mental health dimensions in humans. Nature human behaviour 2022.

4. Ho NF, Li Hui Chong P, Lee DR, Chew QH, Chen G, Sim K. The Amygdala in 
Schizophrenia and bipolar disorder: a synthesis of Structural MRI, Diffusion 
Tensor Imaging, and resting-state functional connectivity findings. Harv Rev 
Psychiatry. 2019;27(3):150–64.

5. Bordi F, LeDoux J, Clugnet MC, Pavlides C. Single-unit activity in the lateral 
nucleus of the amygdala and overlying areas of the striatum in freely behav-
ing rats: rates, discharge patterns, and responses to acoustic stimuli. Behav 
Neurosci. 1993;107(5):757–69.

6. Marek R, Strobel C, Bredy TW, Sah P. The amygdala and medial prefrontal 
cortex: partners in the fear circuit. J Physiol. 2013;591(10):2381–91.

7. Sah P, Faber ES, Lopez De Armentia M, Power J. The amygdaloid complex: 
anatomy and physiology. Physiol Rev. 2003;83(3):803–34.

8. Liu WZ, Zhang WH, Zheng ZH, Zou JX, Liu XX, Huang SH, You WJ, He Y, Zhang 
JY, Wang XD, et al. Identification of a prefrontal cortex-to-amygdala pathway 
for chronic stress-induced anxiety. Nat Commun. 2020;11(1):2221.

9. Benes FM. Amygdalocortical circuitry in schizophrenia: from circuits to 
molecules. Neuropsychopharmacology: official publication of the American 
College of Neuropsychopharmacology. 2010;35(1):239–57.

10. Hall J, Whalley HC, McKirdy JW, Romaniuk L, McGonigle D, McIntosh AM, Baig 
BJ, Gountouna VE, Job DE, Donaldson DI, et al. Overactivation of fear systems 
to neutral faces in schizophrenia. Biol Psychiatry. 2008;64(1):70–3.

11. Barth C, Nerland S, de Lange AG, Wortinger LA, Hilland E, Andreassen OA, 
Jørgensen KN, Agartz I. In vivo amygdala nuclei volumes in Schizophrenia 
and Bipolar Disorders. Schizophr Bull. 2021;47(5):1431–41.

12. Killgore WD, Rosso IM, Gruber SA, Yurgelun-Todd DA. Amygdala volume and 
verbal memory performance in schizophrenia and bipolar disorder. Cogn 
Behav neurology: official J Soc Behav Cogn Neurol. 2009;22(1):28–37.

13. Mukherjee P, Whalley HC, McKirdy JW, Sprengelmeyer R, Young AW, McIntosh 
AM, Lawrie SM, Hall J. Altered amygdala connectivity within the social brain 
in schizophrenia. Schizophr Bull. 2014;40(1):152–60.

14. Tian L, Meng C, Yan H, Zhao Q, Liu Q, Yan J, Han Y, Yuan H, Wang L, Yue W, et 
al. Convergent evidence from multimodal imaging reveals amygdala abnor-
malities in schizophrenic patients and their first-degree relatives. PLoS ONE. 
2011;6(12):e28794.

15. Athanassiou M, Dumais A, Iammatteo V, De Benedictis L, Dubreucq JL, Potvin 
S. The processing of angry faces in schizophrenia patients with a history of 
suicide: an fMRI study examining brain activity and connectivity. Prog Neuro-
psychopharmacol Biol Psychiatry. 2021;107:110253.

16. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale 
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261–76.

17. Goette WF, Goette HE. A meta-analysis of the accuracy of embedded perfor-
mance validity indicators from the repeatable battery for the assessment of 
neuropsychological status. Clin Neuropsychol. 2019;33(6):1044–68.

18. Rolls ET, Huang CC, Lin CP, Feng J, Joliot M. Automated anatomical labelling 
atlas 3. NeuroImage 2020, 206:116189.

19. Marder SR, Cannon TD. Schizophrenia. N Engl J Med. 2019;381(18):1753–61.
20. Silva MA, Restrepo D. Functional recovery in Schizophrenia. Rev Colomb 

Psiquiatr (Engl Ed). 2019;48(4):252–60.
21. Vita A, Barlati S. Recovery from schizophrenia: is it possible? Curr Opin Psy-

chiatry. 2018;31(3):246–55.
22. Marwaha S, Johnson S, Bebbington P, Stafford M, Angermeyer M, Brugha T, 

Azorin J, Kilian R, Hansen K, Toumi M. Rates and correlates of employment in 
people with schizophrenia in the UK, France and Germany. Br J psychiatry: J 
mental Sci. 2007;191:30–7.

23. Tan N, van Os J. [The schizophrenia spectrum and other psychotic disorders 
in the DSM-5]. Tijdschr Psychiatr. 2014;56(3):167–72.

24. Sah P. Fear, anxiety, and the Amygdala. Neuron. 2017;96(1):1–2.
25. Haukvik UK, Hartberg CB, Agartz I. Schizophrenia–what does structural MRI 

show? Tidsskr Nor Laegeforen. 2013;133(8):850–3.
26. Coyle JT. Schizophrenia: Basic and Clinical. Adv Neurobiol. 2017;15:255–80.
27. Takayanagi Y, Sasabayashi D, Takahashi T, Furuichi A, Kido M, Nishikawa Y, 

Nakamura M, Noguchi K, Suzuki M. Reduced cortical thickness in Schizophre-
nia and Schizotypal Disorder. Schizophr Bull. 2020;46(2):387–94.

28. Rauch AV, Reker M, Ohrmann P, Pedersen A, Bauer J, Dannlowski U, Harding L, 
Koelkebeck K, Konrad C, Kugel H, et al. Increased amygdala activation during 
automatic processing of facial emotion in schizophrenia. Psychiatry Res. 
2010;182(3):200–6.

29. Prestia A, Cavedo E, Boccardi M, Muscio C, Adorni A, Geroldi C, Bonetti M, 
Thompson PM, Frisoni GB. Hippocampal and amygdalar local structural 
differences in elderly patients with schizophrenia. Am J Geriatr Psychiatry. 
2015;23(1):47–58.

30. Tang X, Lyu G, Chen M, Huang W, Lin Y. Amygdalar and hippocampal mor-
phometry abnormalities in First-Episode Schizophrenia using deformation-
based shape analysis. Front Psychiatry. 2020;11:677.

31. Pedraza O, Bowers D, Gilmore R. Asymmetry of the hippocampus and amyg-
dala in MRI volumetric measurements of normal adults. J Int Neuropsycho-
logical Society: JINS. 2004;10(5):664–78.

32. Huang Z, Ruan D, Huang B, Zhou T, Shi C, Yu X, Chan RCK, Wang Y, Pu C. Nega-
tive symptoms correlate with altered brain structural asymmetry in amygdala 
and superior temporal region in schizophrenia patients. Front Psychiatry. 
2022;13:1000560.



Page 7 of 7Guo et al. BMC Psychiatry          (2023) 23:231 

33. Jung YH, Shin JE, Lee YI, Jang JH, Jo HJ, Choi SH. Altered amygdala resting-
state Functional Connectivity and Hemispheric asymmetry in patients with 
social anxiety disorder. Front Psychiatry. 2018;9:164.

34. Zheng F, Li C, Zhang D, Cui D, Wang Z, Qiu J. Study on the sub-regions vol-
ume of hippocampus and amygdala in schizophrenia. Quant Imaging Med 
Surg. 2019;9(6):1025–36.

35. Wang G, Lyu H, Wu R, Ou J, Zhu F, Liu Y, Zhao J, Guo W. Resting-state 
functional hypoconnectivity of amygdala in clinical high risk state and first-
episode schizophrenia. Brain Imaging Behav. 2020;14(5):1840–9.

36. Gangadin SS, Cahn W, Scheewe TW, Hulshoff Pol HE, Bossong MG. Reduced 
resting state functional connectivity in the hippocampus-midbrain-striatum 
network of schizophrenia patients. J Psychiatr Res. 2021;138:83–8.

37. Matsuda Y, Makinodan M, Morimoto T, Kishimoto T. Neural changes following 
cognitive remediation therapy for schizophrenia. J Neuropsychiatry Clin 
Neurosci. 2019;73(11):676–84.

38. Kraguljac NV, McDonald WM, Widge AS, Rodriguez CI, Tohen M, Nem-
eroff CB. Neuroimaging biomarkers in Schizophrenia. Am J Psychiatry. 
2021;178(6):509–21.

39. Gomes FV, Zhu X, Grace AA. Stress during critical periods of development 
and risk for schizophrenia. Schizophr Res. 2019;213:107–13.

40. Gong J, Wang J, Luo X, Chen G, Huang H, Huang R, Huang L, Wang Y. 
Abnormalities of intrinsic regional brain activity in first-episode and chronic 
schizophrenia: a meta-analysis of resting-state functional MRI. J Psychiatry 
Neurosci. 2020;45(1):55–68.

41. Li F, Lui S, Yao L, Hu J, Lv P, Huang X, Mechelli A, Sweeney JA, Gong Q. Longitu-
dinal changes in resting-state cerebral activity in patients with first-episode 
Schizophrenia: A 1-Year follow-up functional MR Imaging Study. Radiology. 
2016;279(3):867–75.

42. Qiu X, Xu W, Zhang R, Yan W, Ma W, Xie S, Zhou M. Regional Homogeneity 
brain alterations in Schizophrenia: an activation likelihood estimation Meta-
analysis. Psychiatry Investig. 2021;18(8):709–17.

43. Xu Y, Zhuo C, Qin W, Zhu J, Yu C. Altered Spontaneous Brain Activity in Schizo-
phrenia: A Meta-Analysis and a Large-Sample Study. Biomed Res Int 2015, 
2015:204628.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Amygdala signal abnormality and cognitive impairment in drug-naïve schizophrenia
	Abstract
	Background
	Methods
	Statistical analyses

	Results
	Discussion
	References


